Introduction
[2] The World Stress Map (WSM) is the global compilation of information on the present-day tectonic stress field in the Earth's crust ( Figure 1a ). The stress information is recorded in a standardized format and quality-ranked in order to be comparable on a global scale Zoback and Zoback, 1991; Zoback, 1992; Zoback and Zoback, 1989] . Over the last 15 years the WSM Project has provided a global database of information on the intraplate state of stress in the Earth's crust Sperner et al., 2003; Zoback, 1992; Zoback et al., 1989] . It has revealed fundamental insights into the first-and secondorder patterns of crustal stress on plate-wide and regional scales larger than 500 km as well as on the forces controlling them [Zoback, 1992; Zoback et al., 1989] (Figure 1b ). The analysis of the first WSM database release in 1992 revealed that the orientation of maximum horizontal compressional stress S H in North America, South America and Europe are, at the plate scale, predominately subparallel to absolute or relative plate motions [Müller et al., 1992; Richardson, 1992; Zoback, 1992] . This correlation of stress orientations and plate motions suggests that the first-order intraplate stress patterns are the result of the same forces that drive plate motion, in particular ridge push, slab pull, trench suction, collisional forces, and traction at the base of the lithosphere [Gölke and Coblentz, 1996; Grünthal and Stromeyer, 1992; Richardson, 1992; Zoback and Zoback, 1991; Zoback, 1992; Zoback and Burke, 1993; Zoback et al., 1989] . Second-order stress patterns (100 -500 km scales) show that lateral density contrasts, caused by continental rifting, isostatic compensation and topography, deglaciation effects, as well as lithospheric flexure have an additional impact on large-scale stress fields [Bird et al., 2006; Coblentz et al., 1998; Coblentz and Sandiford, 1994; Dyksterhuis et al., 2005; Hillis and Reynolds, 2000; Zoback, 1992; Zoback and Mooney, 2003] .
[3] The last 20 years have seen a major increase in the application of present-day stress information on smaller spatial scales (<100 km) where third-order effects such as active faults, seismically induced stress changes due to large earthquakes or volcanic eruption, local density contrasts (e.g., from salt diapirs, and detachment horizons) can lead to significant deviations of the stress orientations with respect to the regional and plate-wide stress patterns [e.g., Bell, 1996a; Tingay et al., 2006] . These local effects can be key controls for geothermal and petroleum reservoir exploration, production and management [Fuchs and Müller, 2001] .
[4] Knowledge of the stress field is also critical for seismic hazard assessment [e.g., Harris et al., 1995; Heidbach and Ben-Avraham, 2007; Steacy et al., 2005; Stein et al., 1997] . The coseismically induced changes in Coulomb failure stress can serve as indicators for the location and distribution of future earthquakes [e.g., Harris, 2002; Ben- Avraham, 2007; Nalbant et al., 2002] . Comparison of stresses before and after strong earthquakes as well as comparison of stress orientations with strain orientations give insights into the amount of coseismic stress drop and local stress changes [Townend and Zoback, 2006] . This is associated with changes in the orientation of faults which are optimally oriented with respect to the prevailing regional and local stress field [e.g., Bohnhoff et al., 2006; Hardebeck and Michael, 2004; King et al., 1994; Provost and Houston, 2003 ].
[5] For these applications, from plate-wide to regional to local scale, the WSM database provides a fundamental resource. The database itself as well as detailed descriptions for the stress indicators and other database related technical information, are available at the project's web site at http:// www.world-stress-map.org. The past WSM releases gave insight into large-scale patterns of regional stress orientations, i.e., the first-order stress patterns due to plate boundary forces, and second-order patterns due to topography, large lateral density variations, and deglaciation effects. However, in addition to further defining broad-scale stress patterns, the WSM 2005 database release has developed some regions of high data density that enables us to investigate variations in stress orientations at local scales and to discuss factors controlling third-order stress patterns. With respect to the WSM 2000 release the WSM 2005 release has increased the number of data records by more than 6600 to a total of almost 16,000 ( Figure 1a ). The majority of the new data records are from western Europe and areas where basic knowledge on the first-and second-order stress pattern was available before (e.g., California, Australia and in the vicinity of plate boundaries). The intraplate areas of the oceans as well as the continental areas of Africa, Arabia, eastern South America and eastern Europe remain undiscovered in terms of their crustal stress state (Figure 1 ).
[6] This paper is organized into two sections. In the first, we present major achievements with respect to the last publication on the WSM 2000 database release and give a brief overview on the data types used in the WSM, the quality ranking scheme, and the visualization software tools. Technical changes on the data records of the WSM 2005 database release, the database itself, and the visualization software are documented on the WSM website http://www.world-stress-map.org. In the second section, we illustrate the time and scale dependence of stress patterns by zooming into the stress patterns of western Europe. Furthermore, we present case studies at different spatial scales from Venezuela, Australia, Romania, and Brunei where the increase in data records gave new detailed insights into regional to local stress field properties and thus enabled new tectonic interpretations.
WSM Database
[7] The WSM project is a collaborative project of academia, industry and governmental organizations that aims to understand the sources of stress in the Earth's crust. It was initiated in 1986 under the auspices of the International Lithosphere Program. The results of the first WSM compilation were published in 1992 [Zoback, 1992] . Since 1995 the WSM is a research project of the Heidelberg Academy of Sciences and Humanities and is located at the Geophysical Institute of Universität Karlsruhe (TH) in Germany.
[8] Updates of the WSM database have been made available online in , 2003 , and in December 2005 (B. Müller et al., 2000 releases of the World Stress Map, and J. Reinecker et al., 2003 Reinecker et al., , 2004 Reinecker et al., , and 2005 releases of the World Stress Map, available online at www.world-stress-map.org) . The total number of data records increased from $7300 in 1992 over 10,920 in 2000 to 15,969 data records in 2005.
Data Types
[9] The present-day stress orientation is deduced from focal mechanisms (FM), borehole breakouts (BO), drillinginduced fractures (DIF, from borehole images or caliper log data), in situ stress measurements (OV: overcoring, HF: hydraulic fracturing, BS: borehole slotter), and geological indicators (GF: fault slip data, GVA: volcanic vent alignments). Further details on each method are given by Zoback [1989, 1991] , Zoback [1992] , Zoback and Zoback [2002] , Sperner et al. [2003] , Wagner et al. [2004] , Bell [1996b] , and references therein.
[10] The various stress indicators reflect the stress field of different rock volumes ranging from 10 À3 to 10 9 m 3 [Ljunggren et al., 2003] and different depths ranging from near surface down to 40 km depth. Within the upper 6 km of the Earth's crust the stress field is mapped by a wide range of methods with borehole breakouts as a major contributor. Below $6 km depth focal mechanisms are the only stress indicators available, except a few scientific drilling projects such as the KTB project in Germany which reached a depth of 9.1 km [Brudy et al., 1997] .
Quality Ranking Scheme
[11] The success of the WSM is based on a standardized quality ranking scheme for the individual stress indicators making them comparable on a global scale. The quality Figure 1a . Distribution of stress data records with A-C quality. Colors indicate stress regimes with red for normal faulting (NF), green for strike-slip faulting (SS), blue for thrust faulting (TF), and black for unknown regime (U). Lines represent the orientation of maximum horizontal compressional stress (S H ); line length is proportional to quality. Plate boundaries are taken from the global model PB2002 of Bird [2003] . Topography is based on the ETOPO2 data from the National Geophysical Data Center (NGDC) including bathymetry data of Smith and Sandwell [1997] . ranking scheme was introduced by Zoback [1989, 1991] , and refined and extended in the work of Sperner et al. [2003] . Details on the quality ranking scheme can be found on the project's web site at http://www.worldstress-map.org. It is internationally accepted and guarantees reliability and global comparability of the stress data. Each stress data record is assigned a quality between A and E, with A being the highest quality and E the lowest. A-quality means that the orientation of the maximum horizontal compressional stress (S H ) is accurate to within ±15°, B-quality to within ±20°, C-quality to within ±25°, and D-quality to within ±40°. For most methods these quality classes are defined through standard deviation of S H . E-quality data records do not provide sufficient information or have standard deviations greater than 40°. These data records, mainly from well bores containing insufficient stress information, are only kept for bookkeeping purposes. In general, A-, B-and C-quality stress indicators are considered reliable for the use in analyzing stress patterns and the interpretation of geodynamic processes.
Stress Information
[12] All stress information is compiled in a database of standardized format. The minimum information for each stress data record is the orientation of S H , the quality of the S H orientation, the type of stress indicator, the location and depth of the measurement, the tectonic stress regime, and the source references. Additional information is compiled according to the different types of stress indicators such as stress magnitude, number of measurements, rock parameters, and rock age.
Database Access and Visualization
[13] The database can be downloaded from the WSM web site (www.world-stress-map.org) in three different data formats: ASCII, MS Excel 1 , and dBase 1 . In order to visualize the data records stress maps showing the S H orientation, the quality, the type of stress indicator, and the stress regime can be used (Figure 1a) . The project's web site provides 65 predefined stress maps for selected regions worldwide. In addition, users can generate their own custom-made stress maps either by using the Web-based database interface CASMO (Create A Stress Map Online), available at http://www.world-stress-map.org/casmo [Heidbach et al., 2004] or the offline software CASMI (Create A Stress Map Interactively) [Heidbach and Höhne, 2007] . CASMI is a public domain program running under Unix-like operating systems. It has a graphical user interface based on the public domain software GMT (Generic Mapping Tools) [Wessel and Smith, 1998 ] and with specific Figure 1b . Legend, stress symbols, and data as in Figure 1a . Thick grey lines represent the smoothed stress field for continental areas using a quality-and distance-weighted algorithm . The search radius is r = 750 km, and a minimum of 10 data records within the search radius is requested for calculating the mean stress orientation at a grid point. Note the plate-wide stress pattern and the correlation between the changes from strike-slip and thrust faulting toward normal faulting in areas with high topography. (Figure 2) . From the total number of 15,969 data records more than 12,000 data records are assigned to A-, B-, or C-quality (Figure 1 ), i.e., they are considered to show the S H orientation to within ±25° (Table 1 and Figure 3a) . Most of the stress data records were derived from earthquake focal mechanisms (77%) and borehole breakouts (16%, Figure 3b ). The majority of the new and revised data records are deduced from focal mechanism solutions (76%), borehole breakouts (16%), and drillinginduced fractures (3%). Approximately 80% of these new data records have A-to C-quality (Table 1) . Most of the stress data records deduced from focal mechanisms are taken from the Global CMT Project (formally known as Harvard CMT catalogue; now available online under www.globalcmt.org), and published since 1983 in a series of reports in Physics of the Earth and Planetary Interiors [e.g., Ekström et al., 2005] . The tectonic stress regime could be assigned for 83% of the A-C quality data (Figure 3c ). For the remaining 17% of data records the stress regime is unknown, either because this information is in most cases not available for borehole breakouts and drilling-induced fractures, or because the principal axes are too oblique to the Earth's surface.
Scale-Dependent Stress Patterns
[15] The increase of present-day stress data records in the WSM 2005 database release provides a detailed stress data set in a number of regions. Zooming into local scales, i.e., regions with lateral extent in the order of the crustal thickness or smaller, we can now clearly identify stress rotations with respect to the plate-wide and regional stress orientation due to third-order sources of stress. Seven examples with stress patterns from different spatial scales are presented in the following sections. We discuss these examples in decreasing spatial scales, from plate-wide via regional to local scales. Figure 4 ). According to the principal findings of Müller et al. [1992] , the first-order pattern shows a prevailing NW to NNW orientation of S H . Müller et al. [1992] conclude from their analysis that this orientation is mainly controlled by plate boundary forces, in particular by ridge push of the North Atlantic and collision of the Africa Plate with the Eurasia Plate. This has been confirmed by several large-scale finite element models [Gölke and Coblentz, 1996; Stromeyer, 1992, 1994; Jarosinski et al., 2006] . Even though the amount of stress data for western Europe has almost doubled since 1992, this firstorder pattern is still clearly visible in the smoothed stress field (Figure 4) . The prevailing S H orientation is parallel to the relative plate motion of the Africa Plate with respect to the Eurasia Plate. Large-scale deviations from this trend occur in the Aegean and the western Anatolian region, where the slab rollback at the Hellenic arc induces a E-W S H orientation in the back-arc region [Heidbach and Drewes, 2003] , and in the Pannonian Basin where the NE-SW orientation of S H is probably due to collision in the Dinarides [Bada et al., 1998 [Bada et al., , 2007 .
[17] The smoothed S H orientation across Italy is similar to that in western Europe (Figure 4 ). It shows a NW-SE trend indicating that the convergence between the Africa Plate and the Eurasia Plate is responsible for this large-scale stress field. Local deviations near the coast and toward the Alps and Dinarides might result from lateral density contrasts, topography, the ongoing counterclockwise rotation of the Adriatic Block relative to the Eurasia Plate, and the Column gives the total number of new data. However, the difference with respect to the total number given in the first column will not result in the number of data in the WSM 2000 release of Sperner et al. [2003] since data eliminated from the database are not taken into account.
b These are data records with E-quality from well bores where the data type is unknown.
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collisional resistance along the NW-SE striking Dinaride mountains.
[18] Plate boundary forces are clearly identified as the key control for the western European first-order plate-wide stress pattern as well as for other large tectonic plates such as the South America Plate [Assumpção, 1992; Coblentz and Richardson, 1996; Meijer et al., 1997; Meijer and Wortel, 1992] and the North America Plate [Humphreys and Coblentz, 2007; Richardson and Reding, 1991; Zoback and Zoback, 1991; Zoback, 1992; Zoback and Zoback, 1989] . However, the reverse statement, i.e., that plate boundary forces do not control the stress pattern in areas not exhibiting large-scale stress patterns, is not always true, as demonstrated by the stress field across the Australian continent, shown in the next example.
Stress Map of Australia
[19] The data compilation for Australia and neighboring countries has been accomplished by the research team of the Australasian Stress Map (ASM) Project following the WSM quality assessment scheme. The ASM now contains almost 1000 A-C quality stress data records [e.g., Hillis et al., 1999 Hillis et al., , 1997 Hillis and Reynolds, 2000; Reynolds and Hillis, 2000] . The Australian stress pattern is more diverse than the one from western Europe, North America or South America on the same spatial scale. Although the Australian continent is moving roughly NNW, it exhibits a number of distinct stress provinces with different mean S H orientations Reynolds et al., 2002] . Whereas southwestern Australia has a prevailing E-W S H orientation, northern Australia has a NE-SW to N-S trend, and in southeastern Australia the mean S H orientations range from NW-SE over E-W to SW-NE (Figure 5a ). Thus the correlation of plate motion trajectories with S H orientations is not visible Zoback, 1992; Zoback et al., 1989] . However, despite this lack of an apparent link between the present-day stress and plate motion, the present-day stress field across Australia is still primarily controlled by far-field forces exerted at the plate boundary.
[20] In contrast to other large continental plates the IndoAustralia Plate is bordered by a complex pattern of different plate boundary types causing the diversity in the large-scale stress pattern . Even though the southern plate boundary exclusively consists of oceanic rifting, the northern, northwestern and eastern plate boundaries show a wide range of convergent and transform plate boundaries alternating on small scales [Bird, 2003] . In particular, the Indo-Australia Plate exhibits well defined stress fields, oriented normal to the plate boundary, that radiate outward from zones of continental collision, such as the Himalayas, Papua New Guinea and New Zealand (Figure 1) . Furthermore, at the northern border the ongoing collision of the Ontong-Java Plateau with the Indo-Australia Plate causes a complex situation including subduction with different orientations, rollback of subduction zones which impose suction forces, back-arc spreading, and oceanic collision [Bird, 2003; Mann and Taira, 2004] . Also, farther west the distribution and orientation of different plate boundary forces is complex [Bird, 2003] . However, even though the stress pattern in the Indo-Australia Plate is diverse, plate boundary forces are controlling the S H orientation . This is confirmed by numerical finite element studies of Coblentz et al. [1998] , Reynolds et al. [2002] , Sandiford et al. [2004] , and Dyksterhuis et al. [2005] . These models show that the diversity of stress patterns in Australia monitors the complexities of the plate boundary geometry of the Indo-Australia Plate. The comparatively simple absolute motionparallel plate-scale stress patterns in the Eurasia, the North America, and the South America Plate are (tectonically) bordered by rather simple boundary geometries with forces pushing and pulling the plate in broadly the same direction. Figure 1 . Smoothing parameters are the search radius (r), the minimum number of data (n) within the search radius, and the smoothing factor (l). Thin gray lines represent the relative plate motion trajectories of the Africa Plate with respect to the Eurasia Plate from the global plate model NUVEL-1A [DeMets et al., 1990 [DeMets et al., , 1994 . Topography is based on the ETOPO2 data from the National Geophysical Data Center (NGDC) including bathymetry data from Smith and Sandwell [1997] . Note the rose diagram showing that the prevailing S H orientation is approximately 145°. Letters label the areas of Italy (A), the Pannonian Basin (B), Aegean and western Anatolia (C), and the Dinarides (D). (Figure 4 ) over northern Germany and Netherlands (Figure 5b ) reveals more regional details of the stress pattern. Whilst the plate-scale stress field for this region indicates stresses to be NW-SE to NNW-SSE (Figure 4) , zooming in on the same data set reveals a regional fanshaped stress pattern with stresses ranging from NW-SE in the west to NE-SW in the east (Figure 5b ). This fan-like stress pattern was noted for the first time by Grünthal and Stromeyer [1992] . Initially this observation was based on a very small data set, but more stress data provided by Grünthal and Stromeyer [1994] and Roth and Fleckenstein [2001] further supported the suggested fan-like stress pattern. Finally, this stress pattern was confirmed in the WSM 2005 database release owing to the addition of 298 data records in northern Germany and Netherlands, largely from borehole breakout analysis (Figure 5b ). These data mainly came from WSM research projects in collaboration with the German Society for Petroleum and Coal Science and Technology, DGMK [Fleckenstein et al., 2004] [22] Roth and Fleckenstein [2001] discuss three possible reasons for this regionally differing trend in the eastern part of the North German Basin: (1) the influence of possible displacement along the Trans-European Suture Zone which separates the old East European platform from the younger western European parts of the Eurasia Plate, (2) the local dominance of stresses caused by postglacial rebound, and (3) the northward increase of lithospheric strength below the northeastern part of the North German Basin possibly acting as a barrier. The 2.5D finite element models support either the third hypothesis [Marotta et al., 2002] or a combination of the first and third hypotheses [Kaiser et al., 2005] . However, in both numerical approaches, the studied sections of the North German Basin are unfortunately close to their eastern model boundary, resulting in a high likelihood for modeling artifacts due to boundary effects in the easternmost parts of the basin.
[23] A potential fourth source of the stress field rotation in the North German Basin is the stresses induced by lateral density and strength contrasts across the SorgenfreiTeisseyre and Tornquist-Teisseyre zone where crustal thickness increases sharply from about 35 km in the west to 50 km in the East European platform [Thybo, 2001] . This increase in crustal thickness may produce enough gravitational potential energy to create compressional stresses perpendicular to the NW-SE striking suture zone. Gölke and Coblentz [1996] investigated the impact of the lateral density contrast due to topography in a large-scale 2D finite element model of western Europe and proved that these lateral density contrasts are likely to have an impact on the stress magnitudes, but only a small effect on stress orientations. Jarosinski et al. [2006] also included the effect of the varying lithospheric strength, as well as the effect of the topography, in their 2.5D finite element model of western Europe and reciprocated a swing of the stress field orientation in the eastern parts of the North German Basin, roughly in agreement with the observed stress. They also implemented the NW-SE striking Hamburg-Elbe fault zone as the southern boundary of the eastern section of the North German Basin. However, the faults in their model displays an unrealistic large displacement of 200 -300 m in a predominantly aseismic area.
[24] In summary, the fan-shaped stress pattern in the North German Basin and farther east is now confirmed on a large, high-density stress data set, but the various processes contributing to this stress pattern are still controversial and have yet to be resolved. So far, the existing models reveal that mechanical and density contrasts, boundary conditions and geometry, as well as postglacial rebound contribute to a certain extent to the stress field reorientations across the North German Basin, but their relative importance is still questionable.
Stress Map of Venezuela
[25] Most of the 81 new data records come from a comprehensive compilation by Colmenares and Zoback [2003] , and to a lesser extent, from publications of Pérez et al. [1997a Pérez et al. [ , 1997b , Taboada et al. [2000] , Russo et al. [1993] , and from Harvard CMT solutions [e.g., Ekström et al., 2003] . Colmenares and Zoback [2003] identified two distinct stress provinces in Venezuela, each with different S H orientations. In eastern Venezuela, along the right-lateral El Pilar-Boconó transform fault, a strike-slip faulting stress regime prevails with a broadly NW-SE S H orientation (Figure 5c ). Farther west, toward the eastern Cordilleras, Figure 5 . Legend, stress symbols and smoothed stress field legend as in Figure 1a. (a) Stress map of Australia. Note the change of the regional stress in southeastern Australia. (b) Stress map of northern Germany and Netherlands. The mean S H orientation of 144°N is in agreement with the direction of relative plate motion of approximately 137°N between the Africa Plate and the Eurasia Plate as previously observed by Müller et al. [1992] . However, note the deviation from this trend in the eastern part of the North German Basin where a rotation to NE is observed. Box indicates location of Figure 6 . (c) Stress map of Venezuela. Note the difference in S H orientation and stress regime in the eastern (NW-SE, strike-slip faulting) and the western part (W-E, thrust faulting) of Venezuela. EB denotes El Pilar-Boconó fault. (d) Stress map of Romania. Grey thick line indicates the location of a high-velocity body in the upper mantle at $120 km depths according to the tomography study by Martin et al. [2005] . This body, a remnant of Miocene subduction, is sinking with $2 cm/a vertically into the mantle and is in the state of slab break-off [Sperner et al., 2001; Wenzel et al., 1998 ]. the tectonic regime changes toward thrust faulting and the S H orientation rotates anticlockwise following the regional trend of topography (Figure 5c ). The latter, and to a lesser extent the former, indicates that areas with high topography store enough gravitational potential energy to be a secondorder, regionally dominant, control on the tectonic regime and the S H orientation. Indeed, the global WSM database reveals numerous areas in which stresses are largely perpendicular to mountain ranges, such as the Western Canada Basin, Papua New Guinea and around the Alps (Figure 1b) 2002 and 2004) . Thus the total number of stress data records in Romania increased to 208, 92 of which have A-C quality. In contrast, the stress pattern presented by Bada et al. [1998] , that indicates a homogeneous WNW-SES S H orientation, the stress patterns from our new compilation do not show clear trends (Figure 5d ). There are three possible explanations for this enigma: (1) The stress data set used by Bada et al. [1998] probably also included focal mechanism solutions from subcrustal earthquakes within the subducting slab at 70-130 km (whereas the WSM database only includes data within the upper 40 km of the earth). (2) The smoothing parameter applied by Bada et al. [1998] filtered only the first-order pattern on a plate-wide scale (e.g., a large search radius of 500 km as used in Figure 4 for the Eurasia Plate). (3) The smaller number of stress data records available at that time could not reveal the complicated local stress pattern.
[27] The high variability of S H orientations in our stress map is most likely the result of relatively isotropic and/or low far-field horizontal stress magnitudes in the area. Such low or isotropic far-field stress magnitudes allow small local stress effects to control the in situ stress and thus result in a locally perturbed stress field. According to Sonder [1990] , the net stress field as a superposition of local and regional stresses depends on the magnitudes of the regional principal stresses, the magnitudes of the local stress component as well as the angular difference of the regional principal stress directions to the stresses caused by the local stress source. Local additional stresses that are not parallel to the regional stresses will cause the net stress field to change the orientations of the principal stresses and can also change the faulting style from for example strike-slip faulting to normal faulting on local scales. Similar localized stress perturbations, thought to be due to low and/or isotropic horizontal stresses, are observed in the central and northern North Sea and Permian Basin [Tingay et al., 2006] .
[28] From the diversity of S H orientations and the changes in the tectonic regime on short spatial scales in Romania (Figure 5d ) we conclude that the contribution from plate boundary forces on the magnitude of tectonic stresses is small and that the stress tensor has similar eigenvalues, i.e., a stress state that is close to isotropic. This implies that third-order sources have a large influence on both the S H orientation and the tectonic regime. Possible local stress sources are topography, lateral density and strength contrasts (Focsani Basin with 11 km depth, foreland, Mohesian platform), basin subsidence due to slab pull of a former subduction zone, and stress rotations at fault tips. Superposition of these different stress sources leads to a complex stress field with S H orientations changing within a few kilometers.
[29] The high variation of the local stress pattern in Romania puts upper bounds to potential regional stress sources in the region such as the degree of coupling of the subducting Vrancea slab. We hypothesize that the slab beneath Vrancea does not transfer large amounts of stresses to the crust and that the coupling is probably weak. A strong coupling would produce a large regional signal in the stress pattern which cannot be identified in the stress observations. However, this hypothesis still needs to be investigated in detail with a 3D numerical model in order to compare the differential stresses produces by the local stress sources and the ones superimposed from different slab coupling scenarios.
Local-Scale Stress Patterns: Impact of Detachment Horizons 3.3.1. Eastern Part of the North German Basin
[30] High-resolution stress data sets from sedimentary basins indicate that stress orientations can locally deviate strongly from the regional stress field orientation. Detailed analysis of present-day stresses within sedimentary basins reveals significant and complex variations in the presentday S H orientation [Tingay et al., 2005b; Tingay et al., 2006] . The eastern section of the North German Basin gives an excellent example for such a local-scale variation. Zooming into the cluster of data records in the eastern part of the North German Basin (Figure 6 ) reveals that two mean S H orientations exist: An E-W orientation from stress data at shallow depth (1500 -3300 m) above the Zechstein evaporite sequences and a SW-NE orientation from stress data at greater depth (3400-4500 m) reflecting the far-field orientation with the observed regional fan-shaped pattern. This vertically decoupled stress pattern in the eastern part of the North German Basin is not visible in its western and central parts where stress data above and below the Zechstein follow roughly the same regional trend.
[31] This large change of mean S H orientation with depth is interpreted to be primarily the result of the Zechstein evaporites acting as a mechanically weak detachment layer, and therefore not enabling transmission of the regional stress field into shallower sequences. The detachment of regional stresses results in relatively isotropic horizontal stress magnitudes above the salt and thus allows small local stress sources to have a dominant influence on the stress pattern. Most likely the cause of the localized stress perturbations in the shallow detached sequences are the large density and strength contrasts provided by the numerous salt domes in this region [Roth and Fleckenstein, 2001] . Such decoupling horizons are not unusual for sedimentary basins and are often visible where detailed analysis of present-day stresses reveal significant and complex variations in the present-day S H orientation [Tingay et al., 2005b] . Indeed, the Zechstein evaporite sequences are also believed to form a basal detachment and result in a similarly complex stress pattern in the central North Sea. The salt layer thickness in the North German Basin is highly variable and ranges from several hundred meters to a local thickness up to 4000 m due to halokinesis [Scheck and Bayer, 1999] . Measurements beside and above such salt pillows have a major impact on the stress orientations [Brereton and Müller, 1991] .
[32] The influence of local density and mechanical contrasts in the vicinity of salt diapirs on the stress field has been demonstrated in 3D numerical experiments [Fleckenstein et al., 2004] . The 3D finite element model geometry represents a existing salt pillow of up 1500 m thickness in the eastern part of the North German Basin (Figure 7a ). Boundary conditions are gravitational forces and N-S compression due to the regional trend of the regional stress field. The impact of this salt layer structure is clearly seen in the model results at 4444 m depth (c. intra-Rotliegend) presented in Figure  7b . Differential stresses have magnitudes of up to 23 MPa and S H rotates up to 80°on horizontal distances of less than one kilometer. The comparison with three data records from the WSM database (Figure 7b ) shows that the model fits the large change in S H orientation on small spatial scales very well.
[33] The eastern part of the North German Basin provides an excellent example of the local-scale third-order variations in the stress orientation that can be observed from petroleum industry data acquired in sedimentary basins. The systematic compilation of tectonic stresses from borehole data, which allows analysis of stress patterns at very small scales (0.1 -100 km), reveals information that would never have been identified using seismicity data alone. The WSM 2005 database release contains information from $70 sedimentary basins, enabling unique insights into the controls on stress changes in sedimentary basins. These changes result from the combination of various factors acting on different spatial scales, including far-field forces from the plate boundaries as well as more regional to local effects from basin geometry, geological structures, mechanical contrasts (e.g., evaporites, overpressured shales, detachment zones), topography and deglaciation [Tingay et al., 2005b [Tingay et al., , 2006 .
Stress Field of the Baram Delta Province of Brunei
[34] The Tertiary Baram Delta province of Brunei provides another excellent example of stress rotations resulting from local stress fields overprinting regional stress patterns. The early Miocene to present Baram Delta province is a series of three rapidly depositing and prograding delta sequences that were deposited adjacent to the NW Borneo active margin. The older and proximal (inboard) parts of the Baram Delta province exhibit NW-SE stress orientations that are normal to the margin and are consistent with plate motion and the most recent (Pliocene to recent) NW-SE oriented inversion of structures in the inner shelf (Figure 8 ) [Tingay et al., 2005a [Tingay et al., , 2003 . Hence this NW-SE inner shelf stress field is believed to be the result of far-field regional stresses exerted from either the plate boundaries, ongoing convergence of the continental salient with Borneo, delamination of the proto -South China Sea subducted slab, or from topographic forces caused by the Crocker-Rajang mountain range [Tingay et al., 2005a] . However, in contrast to the regional NW-SE inner shelf stress field, a NE-SW (margin-parallel) stress field is observed in the outer shelf, near the shelf edge (Figure 8 ) [Tingay et al., 2005a] . This margin-parallel NE-SW outer shelf stress field is consistent with active margin-parallel striking growth faulting and seabed scarps observed on bathymetry and shallow seismic data in this region (Figure 8 ) [Tingay et al., 2005a] . The margin-parallel stresses observed in the outer shelf are consistent with a local ''deltaic'' stress field derived from gravitational instability of the convex-upward deltaic wedge. Hence the regional NW-SE S H orientation in Brunei has been locally overprinted by a basally detached marginparallel deltaic stress field. Furthermore, the primary original structures observed in the inner shelf are MiocenePliocene deltaic margin-parallel striking faults and folds that are inconsistent with the present-day margin-normal stress orientation. Hence the local spatial stress rotation observed in Brunei also reveals that stresses in the inner shelf of Brunei have rotated approximately 90°since the middle Miocene and that the region of NE-SW margin-parallel deltaic stresses has moved basinward over time (prograded), from the inner shelf to the present-day shelf edge [Tingay et al., 2005a] .
Change of Stress Pattern on Geological Timescales
[35] The examples in the previous chapter confirm that the stress pattern is mainly controlled by the superposition of tectonic forces acting along plate boundaries or arising from density contrasts including the effects of topography, mechanical rock properties, and active faults. However, the contemporary stress pattern is only the final stage of a long tectonic record that has to be taken into account to understand the geodynamic evolution of an area.
[36] Time-dependent effects on the stress pattern occur on timescales as short as earthquake cycles owing to tectonic loading, coseismic stress release, and postseismic stress relaxation [e.g., Bohnhoff et al., 2006; Freed and Lin, 1998; Hardebeck and Hauksson, 2001; Hergert and Heidbach, 2006] , but also on geological timescales on the order of millions of years, for example, as a result of changing plate boundary configurations and mountain growth [e.g., Hippolyte et al., 1994; Iaffaldano et al., 2006; Lamb, 2006; Mercier et al., 1992; Sandiford, 2002; Sandiford et al., 2004] . These time-dependent changes of the stress pattern can be studied by means of the geological record, paleostress analysis, paleomagnetic investigations or GPS and InSAR observations [Barke et al., 2007; Bertotti et al., 2001; Delvaux et al., 1997; Heidbach and Drewes, 2003; Melbourne et al., 2002; Pritchard, 2006; Sandiford et al., 2004] . On the basis of these observations, it is possible to establish numerical models reflecting the geodynamic evolution and the contemporary stress pattern and tectonic regime at their final stage. In the following we present two examples to illuminate the advantage of combining stress data with geological information that enables us to investigate the geodynamic evolution and the relative importance of the forces causing the stress pattern through time.
Stress Field of Southeastern Australia
[37] Sandiford et al. [2004] combine stress data, numerical modeling, and the geological record in order to investigate the sources of stress manifested in the unusual stress pattern in southeastern Australia. They observe that the onset of faulting in southeastern Australia, that is still active under the present stress regime, correlates with the onset of the growth of the Southern Alps (New Zealand) in the late Miocene. The growth of the Southern Alps is due to the increase of convergence rate between the Indo-Australia Plate and the Pacific plate in the late Miocene from 2 mm/a to 10 mm/a [Batt and Braun, 1999] that is ongoing and reflected in GPS data at the transpressional Alpine Fault [Beavan et al., 2002] . From numerical experiments Sandiford et al. [2004] concluded that the resulting increase of resistive forces at the plate boundary on the southern island of New Zealand generates the NW-SE trend of the S H orientation. This indicates that the oceanic crust is capable to transfer stresses over thousands of kilometers between New Zealand and Australia and that even small changes in the plate boundary configuration have a significant impact on the S H orientation.
Stress Field of Southern Italy
[38] The growth of the Apennines in Italy is the result of subduction processes in the central Mediterranean in Miocene and early Pliocene followed by continental collision in middle Pliocene and Pleistocene (Figure 9 ) [Ziegler, 1988; Malinverno and Ryan, 1986; Mantovani et al., 1996; Mueller and Kahle, 1993] . According to Hipployte et al. [1994] this continental collision formed the Apennines in a ENE-WSW oriented compressional tectonic regime. However, the contemporary stress pattern in southern Italy and the Adriatic Block exhibits normal and strike-slip faulting regime (Figures 4 and 9) [Montone et al., 2004; Mariucci et al., 1999] with NW-SE S H orientation parallel to the strike of the Apennines. This stress pattern is prevailing throughout southern Italy including the Apenninic foreland and foredeep, as well as the adjacent offshore of the Tyrrhenian Sea and the Adriatic Sea (Figure 9) . Hipployte et al. [1994] concluded from the analysis of paleostress data that the stress pattern in southern Italy rotated significantly in early Pleistocene to middle Pleistocene and that the tectonic regime changed from compressional to normal faulting at that time. These changes indicate that new geodynamic processes commenced in middle Pleistocene and that these are ongoing.
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[39] Hipployte et al. [1994] hypothesize that these changes are due to slab break-off as suggested by seismic tomography [e.g., Spakman, 1990] . The expected vertical rebound caused by slab break-off is in agreement with the rapid uplift pattern in the Puglia region of southern Italy where Pleistocene sediments are found at 450 -700 m height [Bertotti et al., 2001; Doglioni et al., 1994] . However, it contradicts the ongoing subsidence of the central Adriatic basin (Figure 9) . Doglioni et al. [1994] explain the uplift pattern of Puglia with a steepening of the subducted lithosphere beyond Puglia leading to buckling of the lithosphere. In their model the subsidence of the central Adriatic basin decoupled to this process by the dextral Tremiti fault zone dividing the thick lithosphere (110 km) south of it from the thinner one (70 km) in the north (Figure 9) . Bertotti et al. [2001] suggest that lithospheric folding (buckling) resulting from lateral compression is the cause of the observed uplift and subsidence pattern.
[40] Thus the contemporary stress field pattern in southern Italy is not reflecting the shortening from SW-NE compression of the Adriatic block as indicated by the tectonic record or the accretion of the Apennines, but it expresses a very recent geodynamic process of either slab break-off, slab steepening, or lithospheric folding. Even though the relative importance of these processes for the contemporary subsidence and stress pattern remains enigmatic this data integration gives new insights into geodynamic evolution of the region.
Conclusion and Perspectives of the WSM Database
[41] The WSM 2005 database release has developed regions of high data record density that enable us to investigate variations in stress orientations at local scales and to discuss sources controlling the third-order stress Figure 9 . Geodynamic evolution and recent stress map of the western and central Mediterranean. Legend for stress symbols and smoothed stress field is as in Figure 1b . Abbreviations are: P, Puglia; CAB, Central Adriatic Basin; SAB, Southern Adriatic Basin; and TF, Tremiti Fault zone. Subsidence rates are taken from Bertotti et al. [2001] . Motion of the Africa Plate with respect to the Eurasia Plate is taken from NUVEL-1A [DeMets et al., 1994] . Parameters for the smoothed stress field from A-C quality data are: r = 100 km, l = 12, and n = 3. Isochrons display the SW migration of the subduction zone through time [Mantovani et al., 1996; Robertson and Grasso, 1995; Malinverno and Ryan, 1986] . Backarc spreading formed the Algero-Provençial basin that led to a 70°counterclockwise rotation of the Sardinia-Corsica Block [Mueller and Kahle, 1993] . On the eastern side of the Adriatic block, continental collision had already started in early Miocene to middle Miocene that gave rise to the Dinarides [Ziegler, 1988] . Note the focused and small section of subduction along the Calabrian Arc.
patterns. The stress patterns presented in the examples allow four major conclusions: (1) The plate-wide and regional stress pattern is controlled by the plate boundary forces confirming the findings from earlier work using the WSM database [e.g., Hillis and Reynolds, 2000; Richardson, 1992; Coblentz and Richardson, 1995; Zoback, 1992; Zoback et al., 1989] . (2) The contemporary stress pattern in the WSM database reveals also third-order effects on small spatial scales. Zooming into the western European stress map (Figures 4, 5b, and 6 ), where data density is high, we identified areas where regional to local effects control the stress pattern at different spatial scales. (3) Additional stress sources are necessary (i.e., forces which are not related to plate boundaries) in order to explain regionalto local-scale stress patterns in regions where the contribution of plate boundary forces is small. In dependence of the stress magnitudes of the plate-wide-scale stress field regional and local stress sources can control the S H orientation and the tectonic regime. The various stress sources and the spatial scales on which they are effective are summarized in Table 2 . (4) The examples for the stress changes throughout geological times reveal that an integrated analysis of the WSM data with other information such as the geological record and the geodynamic evolution gives new insights into the relative importance of the sources of stress and their changes through geological times.
[42] This progress in understanding the contemporary stress pattern at different spatial scales has only been possible owing to the ongoing systematic compilation of stress data with international collaboration. For the forthcoming WSM database release we will focus on three issues: (1) The first issue is refinement of the quality assessments for focal mechanism solutions, borehole breakouts and hydraulic fractures. These changes are necessary owing to technical improvements and new methodologies that will be tested for their suitability as stress indicators (in comparison with the other methods). (2) The second issue is continuation of our worldwide initiative to intensify collaborations with the petroleum industry where most of the stress data in sedimentary basins are acquired. On the basis of the first results of this initiative we expect numerous new stress data records from areas with up-to-now low data coverage (e.g., Caspian Sea, SE-Asia, Nile delta). (3) The third issue is inclusion of new stress data records deduced from focal mechanism solutions using regional broadband data for waveform inversion. Focus of this work is on earthquakes with magnitudes lower than those used for the Global CMT Project (formally known as Harvard CMT catalogue) located in intraplate areas where sparse or no stress information is currently available.
[43] In spite of the numerous improvements and upgrades reported in this publication, the future success of the WSM is nevertheless dependent on the assistance of the scientific community and the ongoing support from our partners from industry. We thus call for active participation in the development of the next WSM database release regardless of which type of support: new stress data, the analysis of the stress field of a specific region, or discussions on new stress determination methods.
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